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Consortium Summary
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 eRD6 Consortium consists of

 BNL
 B. Azmoun, A. Kiselev, M. L. Purschke, C. Woody

 Florida Institute of Technology
 M. Hohlmann, A. Zhang

 INFN Trieste
 S. Dalla Torre, S. Dasgupta, G. Hamar, S. Levorato, F. Tessarotto

 Stony Brook University
 Klaus Dehmelt, Abhay Deshpande, Nils Feege, Thomas Hemmick

 University of Virginia
 Kondo Gnanvo, Nilanga Liyanage

 Yale University
 Richard Majka, Nikolai Smirnov
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Consortium Summary
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 Groups are working on
 BNL

 Mini-Drift detector; TPC/Cherenkov prototype (TPCC)

 Florida Institute of Technology
 Large area GEM readout with zig-zag structures

 INFN Trieste
 Hybrid MPGD for RICH applications

 Stony Brook University
 Short radiator length RICH detector
 Large area mirror coating

 University of Virginia
 Large area GEM readout with u-v readout strips
 Cr-GEM

 Yale University
 3-D-coordinate GEM readout; hybrid gain structure; multi-layer gating grid

 Groups published 13 papers, preparing for two more papers 
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 Plans for the last period
 BNL

 Complete analysis of TPCC test beam efforts
 Optimization of zig-zag pattern
 Build new X-ray scanning device
 Investigate candidate Ne-containing gasses for ion back flow

 Florida Institute of Technology
 Finish tests of small zig-zag boards
 Finish static structural FE analysis of chamber assembly
 Phasing out participation of post-doc A. Zhang

 INFN Trieste
 Start investigations of Hybrid MPGD for RICH applications

 Stony Brook University
 Preparation of evaporator for mirror coating

 University of Virginia
 Continue study of Cr-GEMs
 Validation of new electrical U-V strip contacts
 Complete design of frames and mechanical structure, launch fabrication of full-size U-V readout board 

design

 Yale University
 Finishing write-up of 3-D-coordinate GEM readout investigations
 Start investigating hybrid gain structure + performing gating studies
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 Funding in 2016 (FY 2017)
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Institute Total Request (in k$) Funded (in k$)

BNL 67.5 15

Florida Tech 124 0

INFN 90 90

Stony Brook 40 0

UVa 30 0

WIS 18.4 0

SUM 369.5 105



Progress @ BNL
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TPCC Test Beam Results
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Progress @ BNL
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TPCC Resolution Studies
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Progress @ BNL
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• Y-vector resolution shows flat response as function of minimum number of vector points 
included in fit   relatively few events with less than ~8 vector points

• Significant fall-off in minimum number of vector points for  X vector is dominated by 
single pad hits

• Angular resolution stays fixed as a function of HBD mesh – TPC field cage distance mesh 
perturbs drift field uniformity to acceptable levels in close proximity to field cage 

TPCC Resolution Studies
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Cherenkov Radiator Length Scan
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Progress @ BNL
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Zigzag Pad R&D

11



Progress @ BNL
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Ne-CF4-iC4H10(95/3/2) “Ne2K gas”
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Progress @ Florida Tech
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Optimization of the zigzag strip readout design
microscopic photos of zigzag structures
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Progress @ Florida Tech
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Optimization of the zigzag strip readout design
Results of X-ray scans at BNL

Mean centroid
vs.

X-ray position
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Progress @ Florida Tech
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Optimization of the zigzag strip readout design
Results of X-ray scans at BNL
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Progress @ Florida Tech
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Optimization of the zigzag strip readout design
Results of X-ray scans at BNL
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Progress @ Florida Tech
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Optimization of the zigzag strip readout design
Results of X-ray scans at BNL
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Progress @ University of Virginia
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Progress @ University of Virginia
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Progress @ University of Virginia
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Progress @ University of Virginia
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Progress @ University of Virginia
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Startup @ INFN Trieste
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Startup @ INFN Trieste
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Progress @ Stony Brook
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 Preparation of “INFN evaporator” for large mirror 
coating started
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Progress @ Stony Brook
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 Preparation of “INFN evaporator” for large mirror 
coating
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Progress @ Stony Brook
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 We are acquiring
 Electron gun

 Ion gun

 Power supplies 

 Thickness monitors

 Mirror mounting structure

 Ion gun → smoothen surface

 Coating to be ~ hundreds of Å , controlled to the level of ~ tens of 

Å → “hammer” bumps away
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Progress @ Stony Brook

Jan-26-2017Klaus Dehmelt

 Position small sample blanks at strategic places
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Progress @ Stony Brook
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 Coat each blank with Al/MgF2
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Progress @ Stony Brook

Jan-26-2017Klaus Dehmelt

 Spectral analysis of each sample mirror
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Progress @ Yale University
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 Analysis of 3-D coordinate GEM completed

 Hybrid gain structure for TPC readout

 Two GEMs + MicroMegas→ possible minimization of Ion 

Backflow IBF

 Measurements with different readout plane geometries and 
different gas mixtures performed

34



Summary
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 Continued progress at all fronts in eRD6 project

 Phasing out generic R&D

 New international collaborator starting up

 Funding for all other groups ceased
 Targeted R&D projects stalled

 Request to the committee for next funding cycle
 Institutions and their requests to be listed in funding summary 

table

 Priority list accordingly
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 All groups published in peer-reviewed journals
 BNL

1. Manuscript in preparation: “First Results from a Prototype Combination TPC 
Cherenkov Detector with GEM Readout”, to be submitted to the IEEE 
Transaction on Nuclear Science in early 2017, see Stony Brook publications

2. Oral presentation at the IEEE NSS/MIC conference in Strasbourg, France in 
November 2016 on the TPC/Cherenkov hybrid detector, see Stony Brook 
publications

3. B. Azmoun et al., “A Study of a Mini-drift GEM Tracking Detector “, IEEE Trans. 
Nucl. Sci. Vol. 63, No.3, June 2016, pp. 1768-1776.

4. C. Woody et. al.: “A Prototype Combination TPC Cherenkov Detector with GEM 
Readout for Tracking and Particle Identification and its Potential Use at an 
Electron Ion Collider”, Conference Proceedings of the 2015 Micropattern Gas 
Detector Conference, Trieste, Italy, October 12-15, 2015.

5. M.L. Purschke, “Test Beam Study of a Short Drift GEM Tracking Detector” 
Conference Record Proceedings of the 2013 IEEE Nuclear Science Symposium 
and Medical Imaging Conference, October 27-Nov 2, 2013, Seoul, Korea
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 All groups published in peer-reviewed journals
 INFN Trieste

Just started, N/A
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 All groups published in peer-reviewed journals
 Florida Institute of Technology

1. A. Zhang and M. Hohlmann, "Accuracy of the geometric-mean method for 
determining spatial resolutions of tracking detectors in the presence of multiple 
Coulomb scattering," JINST 11 P06012 (2016), June 21, 2016; preprint version 
arXiv:1604.06130, Apr 20, 2016.

2. A. Zhang, et al., "Performance of a large-area GEM Detector read out with wide 
radial zigzag strips," Nucl. Inst. Meth. A 811 (2016) 30-41, online version at 
ScienceDirect (18 Dec 2015); preprint version arXiv:1508.07046, Aug 2015.

3. A. Zhang, V. Bhopatkar, M. Hohlmann, et al., "R&D on GEM Detectors for 
Forward Tracking at a Future Electron-Ion Collider", Proc. of IEEE Nuclear 
Science Symposium 2015, San Diego, CA; arXiv:1511.07913, Nov 24, 2015.

4. A. Zhang, et al., “Study of non-linear response of a GEM detector read out with 
radial zigzag strips,” in preparation for submission to NIM A and presented as a 
poster at the 2016 IEEE NSS, Strasbourg, France.

5. M. Bomberger, et al., “Mechanical design and stress analysis of a large-area gas 
electron multiplier,” in preparation for submission to Journal of Mechanical 
Design (JMD). This work has also been submitted to the Florida Academy of 
Sciences (FAS) annual meeting in 2017.
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 All groups published in peer-reviewed journals
 Stony Brook University

1. M. Blatnik et al., “Performance of a Quintuple-GEM Based RICH 
Detector Prototype”, IEEE TRANSACTIONS ON NUCLEAR 
SCIENCE, VOL. 62, NO. 6, DECEMBER 2015.

2. M. Blatnik et al., “Performance of a Quintuple-GEM Based RICH 
Detector Prototype”, Nuclear Science Symposium Conference 
Record, 2015, IEEE

3. Manuscript in preparation: “First Results from a Prototype 
Combination TPC Cherenkov Detector with GEM Readout”, to be 
submitted to the IEEE Transaction on Nuclear Science in early 2017, 
see BNL publications

4. Proceedings in preparation: “First Results from a Prototype 
Combination TPC Cherenkov Detector with GEM Readout”, for the 
IEEE NSS/MIC 2016 in Strasbourg, see BNL publications

39



Published Results

Jan-26-2017Klaus Dehmelt

 All groups published in peer-reviewed journals
 University of Virginia

1. K. Gnanvo, et al., “Large Size GEM for Super Bigbite
Spectrometer (SBS) Polarimeter for Hall A 12 GeV program at 
JLab”, Nucl. Inst. and Meth. A782, 77-86 (2015).  DOI: 
10.1016/j.nima.2015.02.017

2. K.  Gnanvo et al., “Performance in Test Beam of a Large-area 
and Light-weight GEM detector with 2D Stereo-Angle (U-V) 
Strip Readout”, Nucl.  Inst. and Meth. A808 (2016), pp. 83-
92.  DOI: 10.1016/j.nima.2015.11.071
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 All groups published in peer-reviewed journals
 Yale University

1. S. Aiola et al., “Combination of two Gas Electron Multipliers 
and a Micromegas as gain elements for a time projection 
chamber”, Nucl. Inst. and Meth. A834 (2016) 149-157.
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